Biological vulnerability translates into behavioral risks that often extend beyond the infancy period. Pre-term children born low birth weight are at risk for behavioral and emotional difficulties, however, little is known about how these difficulties manifest and interact with biological risk and environmental factors. This study examined the extent to which children's language and dyadic relationship factors facilitate affect regulation and behavior problems in low birth weight children (LBW). Sixty-eight preschool-age children and their mothers participated in the study. Children were administered an assessment of cognitive functioning in which verbal ability was examined, and engaged in a laboratory frustration task designed to elicit negative affect to assess emotion regulation. Results revealed correlations among verbal ability, behavior problems, behavioral synchrony, and emotion regulation. Group differences were found in verbal ability and positive affect in which LBW children demonstrated lower verbal ability scores and less positive affect than full-term children. For the full sample, behavior synchrony moderated the relationship between verbal ability and negative emotion regulation. The results provide evidence of the importance of the functional role of language and dyadic relations in the development of affect regulation and behavior problems. The results also elucidate the importance of integrating social emotional information in developing interventions for pre-term children.
Introduction
The development of emotion regulation skills is central to the psychological adjustment of children and adoles-A. Adger-Antonikowski, L. F. Halpern 272 cents [1] [2] . There are multiple factors that contribute to the attainment of emotion regulation skills. These include biologically-rooted behavioral predispositions, such as temperament [3] , and biologically-based deficits that are the byproduct of neonatal insults, injuries, or high-risk birth status [4] . The biological factors exert an influence on developmental outcomes such that they impact how children experience their environment and the responses from persons in that environment including caregivers. Pre-term children born low birth weight (LBW) are a group of children identified to demonstrate deficits in emotion regulation as well as other domains of functioning due in part to biologically rooted mechanisms. In terms of emotion and behavior, LBW children demonstrate fewer positive affect interactions, more negative arousal, and fewer positive affect cues in laboratory paradigms [5] [6] . LBW children not only have difficulties initiating and maintaining emotion regulation, but their cues for arousal are often misconstrued by caregivers. The contribution of affective states and temperamental dispositions make affective synchrony and subsequent emotion regulation mastery difficult for pre-term/caregiver dyads.
Emotion Regulation Deficits and Language Ability
The preschool period signals a transition to more self-directed regulation strategies. During these years, the developing child has not mastered the effective use of complex emotion regulation skills; however, due to an increase in language ability, the preschool child engages in more compliance and self-control behaviors which aid in the development of emotion regulation [7] . Language facilitates this process by allowing children to internalize experiences and to better modulate negative emotions by offering a larger repertoire of regulation strategies. These strategies include self-talk and the solicitation of emotion-coping strategies from caregivers. There are numerous examples of research that suggest there is a relationship between deficits in language ability and behavior problems [8] - [12] . For young children with language skills deficits, emotion regulation is likely more difficult. Deficits in language ability may not preclude adequate emotion regulation for young children, however, if caregivers are responsive to their children's emotional signals, and provide direct instruction regarding emotion regulation or model adequate emotion regulation for their children. Emotion regulation therefore is, in part, a manifestation of a caregiver's ability to respond appropriately to displayed affect and to motivate positive interactions within the dyad [5] . In turn, the extent to which children clearly express emotion cues will greatly affect caregivers' ability to respond to their children. Further, children's emotion regulation skills are likely impacted by both language capabilities and exposure to models who demonstrate emotion management behaviors or who provide direct instruction regarding emotion regulation. For pre-term children, the ability to model affect regulation, and caregivers' responsiveness to affective cues are particularly salient to emotional development.
Interactional Synchrony and LBW Children
Few studies have examined the contribution of behavioral synchrony, or the temporal sequencing of behavioral or affective states amongst dyads and language ability, to child behavior problems and emotions. The impact of birth status on these relationships is rarely examined; however, there is some evidence that pre-term children with speech delays have more maladaptive interaction patterns as opposed to pre-term children with better language skills [13] .
Research has demonstrated that the quality of social, dyadic interactions impacts the cognitive and language development of the at-risk infant [14] . In addition, differences in synchrony are thought to underlie later differences in language development and behavior problems in pre-term and full-term children because more synchronous relationships provide an organization for emotional and cognitive development [15] . Due to difficulties in bringing the pre-term infant to optimal levels of arousal, and difficulties in accurately interpreting preterm infants' affective cues, caregivers of pre-term infants may display less positive affect and feel less efficacious and more distressed in their caregiving role [16] . The salience of understanding the biological risks associated with pre-term birth and difficulties in dyadic relationships later in development underscores the importance of synchrony in early childhood, particularly with pre-term children. Research on the interactions of children born prematurely and their caregivers has focused largely on infancy, with little known about dyadic interactions later in childhood despite evidence that behavior and emotional difficulties persist into childhood and beyond. The few studies that have examined dyadic interactions beyond the infancy period have found that there are stable patterns of interaction that impact children's developing cognitive and social skills [17] [18] .
Deficits in adequate modeling of emotion regulation may occur more often in LBW and VLBW dyads due to the bidirectional influences of child and parenting factors. Further, children with deficits in emotion regulation due to biological vulnerabilities (i.e., LBW children), may differ in the manner in which they utilize language. Low birth weight and very-low birth weight children provide a unique opportunity to examine the impact of language and caregiver modeling of emotion regulation on children's emotional development and behavior problems due to the unique relationships present amongst biological vulnerabilities and caregiver influences. Further, because the biological vulnerability of the pre-term child extends into early childhood and beyond, the understanding of how emotion regulation manifests is paramount to developing interventions to improve preterm children's outcomes. The overall purpose of this research was to examine the contributions of children's language ability and dyadic behavioral synchrony to young children's emotion regulation and behavior problems. Toward this end, this study examined the degree to which language and dyadic behavioral synchrony, in dyads where emotion regulation has been demonstrated to be problematic, functions to facilitate children's emotion regulation during a frustrating event. It was hypothesized that dyadic behavioral synchrony will moderate the relationship between verbal ability and emotion regulation such that low verbal skills will not preclude adaptive regulation. Further, it was hypothesized that LBW children will experience more deficits in emotion regulation and verbal skills as compared to children born full term, however, LBW-mother dyads that demonstrate high levels of synchrony, irrespective of the child's verbal skills, will demonstrate better emotion regulation.
Methods

Participants
The participants in this study were 68 preschool-age children (M age = 4 years, 3 months, SD = 5 months) and their mothers who were recruited for a larger project studying the developmental outcomes of preschoolers born prematurely. Participants recruited as LBW were born at less than 2500 grams (5.51 pounds) and born at equal or less than 36 weeks gestational age. Full-term preschoolers were at least 2501 grams (5.52 pounds) at birth and at least 37 weeks gestational age. All participating families were English speaking and mothers had to be at least sixteen years of age and not have used illicit substances during their pregnancy.
Forty LBW children between the ages of 3 and 4 years of age (M = 4 years, 5 months, SD = 5 months) and their mothers participated in this study. The mean birth weight was 1188.66 grams or 2.62 pounds (SD = 379.53 grams) with weight ranging from 545 grams (1.20 pounds) to 2496 grams (5.50 pounds). Mean gestational age at birth was 29.40 weeks (SD = 2.94) with gestational age ranging between 24 and 36 weeks, and their mean Hobel Risk Score was 30.00 (SD = 14.31). Mothers reported their children as African-American, 8% (n = 3), European-American (Caucasian), 90% (n = 36), and Bi-racial, 2% (n = 1). Fifty-seven percent of the LBW sample were female (n = 23). The mean age of the mothers of the LBW children was 35.82 years (SD = 7.28), and 76% reported living in married households, 10% reported living in single households, 3% reported being separated, and 11% reported they were living together with a partner. Mean family income reported by LBW mothers was $59,124 (SD = $30,049) with annual income ranging from $4392 to $110,000. Nineteen percent of mothers reported partially completing or completing high school, 65% reported either completing college or attending some college, and 16% reported either completing graduate level education or having specialized training.
The full term sample was comprised of twenty-eight children between the ages of 3 and 4 years of age (M age = 4 years, 1 month, SD = 5 months) and their mothers. The mean birth weight of full-term children was 3335.30 grams or 7.35 pounds (SD = 482.09 grams) with weight ranging from 2735.16 grams (6.03 pounds) to 4545 grams (10.02 pounds). Mean gestational age of the full-term sample was 39.43 weeks (SD = 1.23) with gestational age ranging from 37 and 42 weeks. Mothers reported their children as Asian, 4% (n = 1), African-American, 10% (n = 3), Bi-racial, 7% (n = 2), and European-American (Caucasian), 79% (n = 22). Fifty-seven percent of full-term children were female (n = 16). The mean age of the mothers of full-term children was 35.85 years (SD = 5.40), and 75% reported living in married households, 11% reported living in single households, 10% of mothers reported being separated, and 4 % reported residing in divorced households. The mean family income for full-term mothers was $81,788 (SD = $34,338) with annual income ranging from $28,000 to $160,000. Seven percent of mothers reported partially completing or completing high school, 56% reported partially completing or completing college, and 37% reported either completing graduate level education or having specialized training.
Procedures
LBW participants were recruited through a Developmental/Behavioral pediatrician's practice providing follow-up services to pre-term children born at one of two hospitals in Upstate NY. Full-term participants were recruited through area daycare centers, preschools, and the pediatric outpatient program of one of the two hospitals where the pre-term children were born.
Laboratory Visit Information. Dyads participated in two home visits prior to participating in a series of laboratory procedures as part of a larger project examining preschool children's development. During the laboratory visit, a cognitive assessment was administered first followed by four laboratory procedures which included a frustration task. For the purposes of the current research study, only the frustration task will be discussed further.
Frustration Task. Children were seated at the head of a table and their mothers were seated in a larger chair perpendicular to them. Children were given a toy stamp to play with for one minute. At the end of one minute, the research assistant retrieved the toy stamp from the child and placed it in a child-proof container with other small attractive toys. The child was then asked to retrieve the toy stamp if they wanted to. The toy stamp remained in the container for four minutes at which time the research assistant retrieved the toy stamp, and the child was able to continue stamping for one additional minute. At the end of the one-minute, the child was able to choose a toy from among other toys that were in the child-proof container. The child was engaged in the frustration paradigm for a total of six minutes. Prior to beginning the frustration task, mothers were told their child would be engaged in a frustrating situation. Mothers were encouraged not to explicitly open the container and were directed to magazines on the table should they choose to read. The frustration task was video-taped and coded at a later time.
Measures
General Information. Mothers were asked to complete a general information form. The general information form asked mothers to report on demographic information (e.g., child ethnic background, marital status, mother age, education, and family income) as well as child medical information such as gestational age, birth weight, birth order, neonatal hospitalizations and maternal health history. Records for LBW children were obtained by the pediatrician.
Language Ability. Children's cognitive ability was assessed using the Stanford Binet-Fourth Edition. [19] Standard Area Scores (SAS) were generated for each of the subtests to comprise scaled SAS scores. As an index of verbal ability, the Verbal Reasoning content area SAS was used in data analyses for the purpose of this study. The Verbal Reasoning content area score reflects children's performance on three subtests: Vocabulary, Comprehension, and Absurdities. The Verbal Reasoning subtests are reliable with internal consistency reliabilities of .87 reported for each subtest. The Vocabulary, Comprehension, and Absurdities subtests are highly correlated with the Composite score (r = 0.81; r = 0.76; r = 0.72, respectfully).
Child Behavior Problems. Child behavior problems were assessed using the Child Behavior Checklist, or CBCL -1.5 -5 [20] . Parents are asked to rate their child's behavior on a three-point Likert scale over the course of the previous two months. This measure yields an assessment of child behavior on multiple syndrome subscales, two broad-band scales (Internalizing and Externalizing problems), and an overall Behavior Problem Score. The Internalizing and Externalizing broad-band scales, and the syndrome subscales of Emotionally Reactive and Attention Problems were used as indicators of behavior problems in the current study. The T-scores were used when examining Internalizing and Externalizing problems, and the raw scores were used when examining the syndrome scales of Attention Problems and Emotionally Reactive Problems.
Coding of Behavioral Synchrony. Dyadic behavioral synchrony was assessed using contingency coding and frequency ratings during the four-minute frustration task. Behavioral synchrony coding was based upon an interaction cycle that involves the child's initiation of a request, the mother's response to the request, and the child's subsequent response. The child's "bids" for attention or initiation of a request involved any verbal statement made by the child to secure the mother's attention with respect to the frustration container-task. Child behaviors that were coded included, Task-Oriented Attention Seeking, Proximity Seeking, Distraction, or Task-Oriented Attention Seeking directed toward the laboratory assistant. Mother responses to each instance of child initiation were evaluated in terms of the frequency of empathic and non-empathic responses (i.e., Empathic Verbalizations, Non-Empathic Verbalizations and Proximity-encouraging Behavior), and in terms of task-related responses (i.e., Task-oriented Verbalizations and Behaviors, Distraction, and Ignoring). The child's responses to the mother's response were coded in terms of Task-Oriented Attention Seeking, Proximity Seeking, Distraction, TaskOriented Attention Seeking directed toward the laboratory assistant, or Ignoring. For this study, Behavioral Synchrony is defined as the degree to which the dyad is mutually engaged in similar behavioral goals as set forth by the mother. A Behavioral Synchrony Index was derived by computing the proportion of interaction cycles in which the child ends the cycle engaged in a behavior set forth by the mother in her response to the child's initial bid for attention. It is an objective index derived from visually inspecting the behaviors recorded on the coding sheet. For example, at the end of the response phase, if the child is engaged in task-oriented behavior after the mother has facilitated behavior through her task-oriented or empathic verbalizations, the dyad is noted for synchrony. Similarly, if the mother engages in distraction and the child is rated as also engaging in distraction in the response phase, the dyad is noted for synchrony. If the mother ignores the child's behavior and the child engages in attention seeking, the dyad is not noted for synchrony as the child does not have the opportunity to engage in the behaviors that are of interest in this study. A higher proportion score of synchrony is indicative of greater behavioral synchrony.
Coding of Emotion Regulation. Emotion regulation was assessed at two points during the interaction cycle; first when the child attempted a bid for caregiver attention and at the end of the cycle, when the child responded to the mother's behavior. The child was assessed in terms of demonstrating joyful, sad, angry, and neutral affect. Joy, sadness, and anger intensity was rated on a 3-point scale, with 1 being the lowest level of intensity and 3 being the highest level. Once the child demonstrated a particular emotion, the intensity of the emotion was rated.
For the current study, emotion regulation is defined as the degree to which the child is able to maintain a positive or neutral affective state, or down-regulate negative affect. The mean intensity of expressed emotion was calculated during the Child Initiation and Child Response phases of the interaction cycles for sadness and anger, and the change in mean intensity within emotion was examined as an indicator of negative emotion regulation. The mean intensity of joy was also calculated. The mean intensity of affect score from initiation was subtracted from the mean intensity of affect score at response for sadness and anger to create a mean change score for each expressed affect. Mean changes in sadness and mean changes in anger were then collapsed to represent a mean change in negative affect or negative emotion regulation score. This negative emotion regulation score was later used in regression analyses.
The mean change score for joy intensity and the mean change score for the proportion of neutral affect were converted to z-scores and collapsed to represent a mean change in positive affect/neutral or positive emotion regulation score. The change in the mean intensity of joy from Child Initiation to Child Response was combined with the change in the proportion of neutral affect from Child Initiation to Child Response to represent a positive emotion regulation score. The mean intensity of emotion at the start of interaction cycle was subtracted from the mean intensity of emotion the end of the interaction cycle to represent a mean change in emotion. Scores for emotion regulation could range from negative, indicating poor emotion regulation or an increase in negative emotion from initiation to response, to positive, indicating better emotion regulation or a down regulation of negative emotion from initiation to response.
Reliability
Two undergraduate research assistants and the first author of this study completed the behavior and emotion coding procedures. Coders were trained by the first author and once the coders reached 0.80 reliability, they were able to begin coding videotapes independently. Each individual coded 50% of the videotapes with a 20% overlap between the coders. Inter-rater reliability was computed for 20% of the sample by calculating interclass correlation coefficients. Reliability estimates for this study ranged from 0.74 -0.83. Reliability for the behaviors that were coded was 0.81 for total bids of attention and 0.74 for total instances of behavioral synchrony. With respect to the emotion coding, reliability for proportion of joy was 0.77, proportion of sadness was 0.77, proportion of anger was 0.79, and proportion of neutral affect was 0.74. Reliability for mean level of joy 0.80, mean level of sadness 0.82, and mean level of anger was 0.83.
Results
Preliminary Data
normality, and multicollinearity. All variables were within specified ranges.
Tests for group differences in demographic variables. Preliminary analyses were conducted to test for potential demographic covariates. T-tests were used to assess group differences in continuous variables such as parents' age, family income, and child age. Bonferroni correction procedures were used to correct for inflated alpha levels associated with multiple t-test comparisons. Chi-square analyses were used to assess group differences in demographic variables that were categorical including ethnicity, gender, marital status and parent education. T-tests revealed that the LBW children were older than full-term children, t (65) = 2.92, p = 0.005. The only other demographic variable found to differ between the two groups was family income, which was higher for the full-term group, t (65) = −2.78, p = 0.007.
Descriptive statistics. Means and standard deviations are reported in Table 1 for verbal ability, behavior synchrony, behavior problem scores, and emotion regulation. One-way analyses of covariance (ANCOVAs) with income and child age included as covariates, were conducted to examine group differences in verbal ability, positive and negative emotion regulation, behavioral synchrony, and behavior problems. A significant group difference emerged for verbal ability such that full-term children had higher verbal ability scores compared to pre-term children, F (1, 59) = 8.06, p < 0.01, and this difference represented a small effect (Partial Eta Squared = 0.12). There were no significant differences between the LBW and full-tem children in positive and negative emotion regulation, behavior synchrony, or behavior problem (p > 0.05).
Group differences in the intensity of joy, sadness, and anger affect at initiation and response which was tested using 2 × 2 mixed ANCOVA's, with group as the fixed factor and affect as the repeated factor. Income and child age were included as covariates in the analysis. The results were significant for the analysis testing joy intensity. A main effect for group was present when examining joy during the response phase such that full-term children demonstrated a greater intensity in joy in the response phase than did pre-term children, F (1,58) = 5.32; p < 0.05.
Correlations. Pearson product-moment correlations were used to assess the intercorrelations among verbal ability, behavioral synchrony, positive and negative emotion regulation, and behavior problem scores for the combined sample. Increases in behavioral synchrony were related to poorer emotion regulation. In terms of behavior problems, higher levels of verbal ability were related to lower attention problem, emotion reactivity and internalizing and externalizing scores.
Pearson product-moment correlations were also used to assess the intercorrelations among verbal ability, behavioral synchrony, positive and negative emotion regulation, and behavior problems for the LBW ( Table 2) and full-term samples ( Table 3) separately. For the full-term group, higher verbal ability scores were related to lower attention, emotional reactivity and externalizing scores ( Table 4) . Better positive emotion scores were also related to lower attention problems scores. This pattern was different for the LBW group, however. Specifically, for the LBW group higher positive affect scores were related to lower negative reactivity scores. For the LBW sample, Hobel risk scores were assessed in terms of correlations with primary variables. Children's Hobel Table 3 . Intercorrelations among verbal ability, behavioral synchrony, emotion, and behavior problems for LBW children (n = 40). risk scores were correlated with verbal ability scores such that higher risk was correlated with lower verbal ability scores (r = −0.49; p < 0.01).
Model Testing
Hierarchical multiple regressions were used to test this study's main hypotheses and interaction effects in hierarchal regression were tested as recommended by Cohen and Cohen [21] . A series of hierarchal regressions were conducted to test the moderating effect of behavioral synchrony on the prediction of emotion regulation from verbal ability for both the LBW and full-term children separately as well as for the combined samples. Child's age was entered in the first step as covariates. The main effects of verbal ability and behavior synchrony were entered onto the second step, and the two-way interaction effects (verbal ability and behavior synchrony) were entered onto the third step. For the overall sample, the model predicting negative emotion regulation was significant, R = 0.59, R2 = 0.29, F (5,61) = 6.06, p < 0.001, and the interaction term was significant, B = 0.10, t = 3.37, p < 0.001. The interaction was examined at high, medium, and low levels of behavioral synchrony. Verbal ability significantly predicted negative emotion regulation scores at high levels of behavioral synchrony. At high levels of behavioral synchrony, as verbal ability increases, children's negative emotion regulation improves. When this regression model was conducted for the LBW sample, Hobel risk score was also entered in as a covariate. For the LBW group the model predicting emotion regulation was not significant (p > 0.05). For the full-term sample the overall model predicting negative emotion regulation was significant, R = 0.74, R2 = 0.44 F (5, 26) = 5.14, p < 0.001, and the interaction term approached significance, B = 0.15, t = 1.94, p = 0.07.
Discussion
The purpose of the current research was to investigate the extent to which children's verbal ability and behavioral synchrony contribute to emotion regulation and behavior problems for preschool-age children. Research has indicated that for pre-term children, biological vulnerabilities impact the attainment of cognitive and emotion regulatory skills later in development [22] [23] . One way in which emotion regulatory skills are attained is through parental modeling and scaffolding of appropriate affect. Given the salience of caregivers for the development of children's emotion regulation, this study sought to examine how caregiver and child interactions impact the relations between verbal ability, emotion regulation and behavior problems for children at risk for emotion dysregulation and behavior problems. As expected, the results revealed that the full-term children demonstrated higher verbal ability scores, however, in contrast to expectations, for LBW children, negative emotion regulation was not related to behaviors problems. Interestingly, the only group difference found in emotion expression was in the amount of joyful affect, with the full-term children demonstrating more joyful affect in response to caregiver interactions in a frustrating situation than the LBW children. This is particularly interesting in light of research on mother-preterm dyads that has found that preterm infants demonstrate duller or more blunted affect during interactions.
Analyses revealed significant correlations between verbal ability and behavior problems as well as behavioral synchrony and negative affect and emotion regulation. Based on the current findings, for LBW children, verbal ability plays a significant role in behavior problems but to a lesser extent for full-term children. These finding are in accord with current literature which asserts that language ability is related to children's behavior problems. [9] Of interest is that birth status and Hobel risk scores continues to impact verbal ability scores into the preschool years which supports research that asserts children with deficits in language development also demonstrate deficits in social understanding, [24] and social problem-solving [25] which continue later into development.
There are several limitations to the current study which impact findings. Much research has been conducted examining the cognitive and developmental difficulties in LBW families and this research replicates this, however, the findings may be pertinent to a limited demographic portion of the LBW population, namely European-American families. There may be parenting factors that differ amongst ethnic groups and these factors may impact the key variables of this research. The issue of length of the frustration task is also a factor in that it is possible that a longer period of frustration may increase generalizabilty of behaviors between laboratory and real-world settings and may account for the lack of detection of some difference amongst groups.
Conclusions
The findings suggest that children with better language skills may utilize language to support synchronous relationships that facilitate more positive emotion. The findings support research studies that assert that children with deficits in language development may experience deficits in other domains of functioning [26] . LBW children have been reported to have deficits in language development and emotion regulation due to the temperamental vulnerability for emotional lability and neonatal insults that impact cognitive functioning [27] and there is partial support for the relationship between verbal ability and emotion regulation in the current study.
This study supports the construct validity of emotion regulation by offering an additional unit of measurement besides the self-report measure to protect against issues of biases and measurement equivalence inherent in selfreport indices. Children's emotion regulation is often examined through post-hoc, parent administered, self-report measures. Within this method of measurement, biases emerge or issues of recollection impact parents' reports of child emotion regulation. Future research should examine whether parents' perceptions of emotion regulation differ from those of trained observers, and examine the convergent validity of this method of examining negative emotion regulation and reactivity, and other methods of measuring emotion regulation (e.g., paper and pencil forms) with respect to developing psychometrically sound methods of measurement.
Although support for the role of behavior synchrony was found in this study, future research will examine the manner in which synchrony develops particularly in high-risk infants as it has been demonstrated to be important to the dyadic relationship [28] - [30] . This research will be of importance as the current zeitgeist of empirically supported treatments for children with behavior disorders focuses on parent-child relationships, which serve to modify parental perceptions of behavior and impact dyadic relationship quality.
